Numerical modelling of the personal income distribution (PID) in the USA from 1950 to 2003 is accomplished based on a microeconomic model for the personal income evolution. It is shown that the overall PID demonstrates the existence of some fixed hierarchical income distribution structure in the USA. The PIDs normalized to the total population and corrected for the per capita nominal GDP growth coincide for years from 1994 to 2002. The observed inflation plays a role of some specific mechanism returning the PIDs to the initial shape. The structure of the PID is accurately simulated by using a microeconomic model with some simple assumptions related to the distribution of capabilities to earn money and sizes of earning means -two measurable parameters introduced in the model. The evolution of the overall PID is also well predicted depending on nominal GDP growth from 1994 to 2002.
Introduction
This paper is devoted to the numerical modelling of the personal income distribution in the USA from 1950 to 2003. Kitov (2005b) Between 1994 and 2001 there were 60,000 units in the basic CPS and additional 21,000 units for the March Survey, i.e. 81,000 in total. These changes make it sometimes difficult to compare income data sets obtained in different years.
Despite some shortcomings in the personal income data set, this represents the longest, and the most detailed and accurate source of income information for any numerical analysis.
Personal income distribution in the USA
The personal income distributions for years from 1994 to 2002 are displayed in Figure 1 . The number of people with income inside original $2500 wide intervals is merged in wider intervals of $10,000. The distributions show an increasing number of people with income above $20,000 and a decreasing number below this value. This is an expected result of population growth, real economic growth and inflation. The first of the three processes potentially leads to the upward displacement of the curves as a whole if the population added every year is distributed over income in the same way as before. The US population grows approximately by 1% yearly due to excess of births over deaths, and positive migration.
The latter two processes, however, result in the distribution curve change. Inflation observed in the USA last ten years was between 1.2% in 1998 and 2.4% in 2001. The effect of inflation results in receipt of a higher nominal income. Because subsequent years provide population counts in the same income bins, one can expect that people in lower income bins would eventually migrate in higher income bins. Moreover, the people in the highest routinely counted income bins, eventually, migrate to the zone above the highest limit of the survey, i.e. above $100,000. Thus, more and more people were outside the published detailed counting. This effect, apparently, forced the Census Bureau to introduce some new income intervals for higher incomes after 2000. These intervals, however, are $50,000 wide, i.e. twenty times wider than the standard intervals. The observed effect of the inflation is a decreasing population in lower income bins and an increasing population in higher income bins. This is exactly what one observes in Figure 1 .
The real economic growth leads to the effect similar to that caused by inflation. More goods and services produced by the economy result in an increase in the total income, which by definition is GDP (GDP=GDI). People earn more and migrate with time to higher income bins. In some rare years of the economy contraction, incomes drop and people fall back into lower income bins.
The aggregate effect of the three processes described above divide the distribution into two zones -less than the mean income and above the mean income, as seen in Figure 1 . The mean income increases from $23,278 in 1994 to $32,222 in 2002 (in current dollars) . So, the turning point between the two zones is somewhere between these values.
One can present the original PIDs in some normalized form. A natural normalization is according to the total population. This representation avoids population change effects and allows for the population density distribution. As shown below, this distribution better characterizes a hierarchy of the personal income distribution in a developed economy. Figure 2 illustrates evolution of the population density distribution as a function of income.
A series of corrections has been applied to the original PID. Information on real and nominal GDP growth and total population change in the USA is used to reduce the distributions to that of the 1994 PID. A well-known procedure of the reduction is the adjustment for inflation.
Because the March Supplement of the CPS gives numbers of people with incomes in bins of $2500, one has to correct the distribution for changing dollar value, which represents the scale contraction caused by the inflation. For example, in order to correct for 10 per cent inflation, one has to compress the scale by 1.1. In this case, the bin between $50,000 and $52,500 transforms into the bin from $45,450 to $47,727, with the center shifted from $51,125 to $46,588. Comparison of the starting year distribution, the PID for 1994 in this case, and the subsequent years' distributions corrected for the inflation reveals the change of the real PID. The same correction procedure has been applied to changes of nominal and real economic growth, both absolute and per capita. In the case of zero population change and inflation, a correction for the real economic growth could potentially reveal changes in distribution of the total personal income among the same people. This type of correction is similar to that of correction of the density distribution for per capita nominal GDP growth. The density distribution is not affected by the population changes and the correction for the nominal GDP growth effectively compensates for the inflation effect. Figures 4 and 5 compare effects of a correction for the nominal GDP growth on the original personal income distribution and a correction for the nominal per capita GDP growth on the density income distribution. This correction addresses the question of redistribution of the extra income generated by inflation and real economic growth among the increasing population. Are the extra money distributed evenly over the income groups or some selected groups obtain more from the redistribution?
The personal income distributions in Figure 4 are almost parallel. This indicates that potentially only population growth forces the 1994 curve to move upwards. Because the curves are parallel, relative increase of population in every income bin is the same, and the personal income distribution among the newcomers is exactly the same as among the experienced people. In other words, the hierarchy in the PID is rigid over time and generations. This principal conclusion of the paragraph is even better illustrated by Figure 5 where the population density curves for the studied years coincide.
Hence, one can interpret inflation as a mechanism compensating the distortion of the PID caused by the real economic growth. The observed inflation rate is exactly equal to the rate needed to return the PID density distribution to its original shape. In other words, inflation eats out of the poor people advantages obtained from the economic growth.
Modelling the overall personal income distribution
Using the model described in Kitov (2005b) , we start the personal income modelling with some theoretical examples. The initial model is constrained so as to reproduce the real observations, but only general details are important at this stage. The model is characterized by a number of external and internal parameters. The external parameters include GDP growth rate: real and nominal, total and per capita and population distribution -total and single year of age. The internal parameters of the model are the initial critical work experience, T cr (0), and the initial dissipation factor, α. The former internal parameter can be obtained from the observations and the latter only from some calibration process. Variations of population counts within the 10 year age groups used by the U.S. Census Bureau for averaging of income readings can cause substantial variations in estimates, especially in the youngest age group, where the personal income increases exponentially. Fortunately, the single year population estimates are available from 1950, with a varying accuracy, however. We estimate the accuracy of the estimates for a single year of age as 5% to 7%. In wider intervals, the accuracy is higher and may be of 1% to 2%.
In the model, the population of every single year of age for every calendar year is divided are T cr =23.5 years and α=0.097, respectively. These values can be reduced to any year other than 1950 by using the per capita real GDP growth (see Table 1 ). The PID for the year 1994 is presented in Figure 9 . The predicted distribution coincides with the observed one in the range between $5K and $35K. The latter value is very close to the Pareto threshold situated between $35K and $45K. Beginning from the Pareto threshold the distributions diverge because of different character of decay described in the model (see Kitov (2005) for details). The observed distribution drops with income by a power law. The predicted distribution decays slowly just above the threshold, but then the rate of the decay grows very fast and it intercepts the observed distribution somewhere near the $60K income point. Since the scale is semi-logarithmic, the curves apparent divergence is higher than the actual one on a linear scale. can expect that the distribution in the range from $0 to $100,000 will not contain the Pareto distributed portion of the overall distribution and will not correctly represent the personal income distribution. Even now the distribution contains only a narrow range where the power law reigns.
The predicted and observed PID describing the population between 15 and 75 years of age are consistent. These distributions, however, are less sensitive to the model parameters than other fine characteristic described in the following paper.
Discussion and conclusion
The above analysis of the overall PID demonstrates the existence of some fixed hierarchical structure of the personal income distribution in the USA. The PIDs normalized to the total population above 15 years of age and corrected for the per capita nominal GDP growth coincide for years from 1994 to 2002. Thus, the observed inflation plays a role of some specific mechanism returning the PIDs to the initial shape when disturbed by the real economic growth.
The structure of the personal income distribution can be simulated by using the microeconomic model presented in Kitov (2005b) with some simple assumptions related to the distribution of capabilities to earn money and sizes of earning means. In the lower income zone, the observed and predicted distributions coincide up to an income interpreted as the Pareto distribution threshold or the minimum possible income in the Pareto distribution. The Pareto part of the actual PID is considered to be a result of the self-organized criticality and does not need any additional modelling except the prediction of the portion of the total population in the Pareto zone. This portion of the total population is of about 10 per cent and its distribution over work experience is also exactly predicted by the microeconomic model (Kitov 2005a) .
The evolution of the overall PID is also well predicted depending on nominal GDP growth 1950 , 1960 , 1970 , 1980 , 1990 , and 2001 (The US Census Bureau (2004b ). 
